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Abstract: Drought is one of the most destructive disasters in the Lancang River Basin, which 
is an ungauged basin with strong heterogeneity on terrain and climate. Our validation sug-
gested the version-6 monthly TRMM multi-satellite precipitation analysis (TMPA; 3B43 V.6) 
product during the period 1998 to 2009 is an alternative precipitation data source with good 
accuracy. By using the standard precipitation index (SPI), at the grid point (0.25°×0.25°) and 
sub-basin spatial scales, this work assessed the effectiveness of TMPA in drought monitoring 
during the period 1998 to 2009 at the 1-month scale and 3-months scale; validated the 
monitoring accuracy of TMPA for two severe droughts happened in 2006 and 2009, respec-
tively. Some conclusions are drawn as follows. (1) At the grid point spatial scale, in compari-
son with the monitoring results between rain gauges (SPI1g) and TMPA grid (SPI1s), both 
agreed well at the 1-month scale for most of the grid points and those grid points with the 
lowest critical success index (CSI) are distributed in the middle stream of the Lancang River 
Basin. (2) The same as SPI1s, the consistency between SPI3s and SPI3g is good for most of 
the grid points at the 3-months scale, those grid points with the lowest were concentrated in 
the middle stream and downstream of the Lancang River Basin. (3) At the 1-month scale and 
3-months scale, CSI ranged from 50% to 76% for most of the grid points, which demonstrated 
high accuracy of TMPA in drought monitoring. (4) At the 3-months scale, based on TMPA 
basin-wide precipitation estimates, though we tended to overestimate (underestimate) the 
peaks of dry or wet events, SPI3s detected successfully the occurrence of them over the five 
sub-basins at the most time and captured the occurrence and development of the two severe 
droughts happened in 2006 and 2009. This analysis shows that TMPA has the potential for 
drought monitoring in data-sparse regions. 
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1  Introduction 
Drought is initiated by a reduction in precipitation which leads to a shortage of water rela-
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tive to the demand for water (Mckee et al., 1995). Precipitation data plays the key role in 
drought monitoring. Rain gauges are the mainly measuring methods for precipitation but 
they are concentrated in developed countries and are spare in developing countries and re-
mote areas in the world (Adler et al., 2003; Su et al., 2008). Chiu (Chiu et al., 2008) indi-
cated that remote sensing techniques using space-borne sensors provide an excellent com-
plement to continuous monitoring of rain events both spatially and temporally. Microwave 
and Visible/Infrared are the main forms of remote sensing technologies; both have varied 
advantages in terms of imaging accuracy and spatial-temporal resolutions.(Huffman et al., 
2007). So, the fine spatial-temporal precipitation products need the coalescence of both. 
Tropical Precipitation Measuring Mission (TRMM) carrying sensors on precipitation 
(Kummerow et al., 1998) provides the opportunity for fine spatial-temporal precipitation 
products. Since the launch of TRMM, there were numerous efforts to evaluate TRMM pre-
cipitation products (Bowman, 2005; Chiu et al., 2008; Chiu et al., 2006; Islam et al., 2007; 
Nair et al., 2009; Nicholson et al., 2003; Rahman et al., 2007; Su et al., 2008; Su et al., 2011; 
Wong et al., 2008). The accuracy of the version-6 TRMM Multisatellite precipitation analy-
sis (TMPA) is the best among TRMM precipitation products. However, a small amount of 
research works (Li et al., 2010a; Li et al., 2010b; Zang et al., 2010) have been done to 
evaluate availability of TRMM precipitation in drought monitoring.  
As a typical un-gauged basin, our research indicate that the agreement between monthly 
TMPA and gauged is good with R2 of 0.925–0.981 at sub-basin spatial scale in the Lancang 
River Basin. In recent years, a lot of damage has been caused by severe droughts in this re-
gion, such as in 2006, 2009, and 2010. The purpose of this work is to assess the availability 
of monthly TMPA precipitation data in drought monitoring in the Lancang River Basin. We 
hope that this study will provide a new solution for drought monitoring in un-gauged basins. 
2  Data and methodology 
The Lancang River Basin, with an area of more than 1.6×106 km2, lies between 94°–102°E 
and 21°–34°N. It is the upstream of the Mekong River Basin, including the upstream, middle 
stream, and downstream. Considering the strong heterogeneity of terrain and climate from 
upstream to downstream in the Lancang River Basin, we extracted Changdu Basin, Jiuzhou 
Basin, Lancang River Basin, upstream, middle stream, and downstream (Figure 1) from Hy-
dro1K DEM by using Arc Hydro Tools. 
2.1  Data 
The data includes the rain gauge data and the version 6 monthly TMPA (3B43 V.6). Rain 
gauge data was obtained from the Climatic Data Center, National Meteorological Informa-
tion Center, China Meteorological Administration. Ten (1998–2007) and twelve (1998–2009) 
years of monthly rain data were collected from 22 local (green dots in Figure 1) and 38 na-
tional (red dots in Figure 1) rain gauges. Among national rain gauges, Lushui gauge stopped 
running after 2003 (including 2003). Twelve years (1998–2009) of TMPA monthly precipi-
tation data with a 0.25°×0.25° spatial resolution were provided by TRMM Science Data and 
Information System (TSDIS) and distributed by the NASA GSFC Distributed Active Ar-
chive Center (GDAAC). Huffman presented the details on TMPA (Huffman et al., 2007). 
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Figure 1  The distribution of rain gauges and the location of sub-basins in the Lancang River Basin 
2.2  Methodology 
The key for drought monitoring is to select an appropriate criterion. In comparison with Z 
index, which was popular in China, standard precipitation index (SPI) developed by McKee 
(Mckee et al., 1993, 1995) has the advantage on stability (Yuan et al., 2004). Though SPI 
was used to estimate drought, the index matches the pattern of a normal distribution as well 
and thus can be used to monitor flood (Seiler et al., 2002). SPI was divided into 7 different 
classifications to monitor both drought and flood (Table 1). 
 
Table 1  The classification of SPI Value 
SPI Classification SPI Classification 
0 to –0.99 Near normal 0 to 0.99 Near normal 
–1 to –1.49 Moderately dry 1 to 1.49 Moderately wet 
–1.5 to –1.99 Severely dry 1.5 to 2 Severely wet 
≤–2 Extremely dry ≥2 Extremely wet 
 
We define critical success index (CSI) as the proportion of the correcting times of drought 
and flood monitoring by using TMPA. Qualitative validation for monitoring results of TMPA 
is based on regression analysis and CSI. 
3  Result and discussion 
We calculated SPI at the 1-month scale and 3-months scale at the grid point and sub-basin 
spatial scales in the Lancang River Basin and defined SPI of 1-month scale and 3-months 
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scale as SPI1 (SPI1s for TMPA, SPI1g for rain gauge) and SPI3 (SPI3s for TMPA, SPI3g for 
rain gauge), respectively. 
3.1  SPI value at the grid point spatial scale 
3.1.1  SPI1 
At the 1-month scale, we calculated SPI1s and SPI1g of 58 TMPA grid points and rain 
gauges within the grid and validated the results (Table 2). 
At 95% confidence level, the coefficient of determination (R2) (Table 2) of 49 out of 58 
grid points were larger than 0.5, which indicated the obvious consistence between SPI1s and 
SPI1g for most of rain gauges. There were 9 rain gauges showing de-correlation trends with 
R2 less than 0.5, which included Bomi (0.33), Nangqian (0.36), Qingshuihe (0.43), Xinlong 
(0.43), Huaping (0.44), Zhenyuan (0.44), Batang (0.47), Menghai (0.47), and Gongshan 
(0.48). 
 
Table 2  The validation of SPI1s 
Gauge R2 CSI (%) Gauge R2 CSI (%) Gauge R2 CSI (%) Gauge R2 CSI (%) 
Batang 0.47 59.72 Fugong 0.58 55.00 Liuku 0.61 65.28 Tuotuohe 0.55 63.19 
Baoshan 0.77 72.92 Ganzi 0.77 75.69 Lushui 0.59 60.00 Weishan 0.65 63.33 
Bomi 0.33 54.17 Gengma 0.80 75.69 Menghai 0.47 65.83 Weixi 0.55 62.50 
Cangyuan 0.71 67.50 Gongshan 0.48 59.03 Mengla 0.71 63.89 Ximeng 0.53 67.50 
Changdu 0.60 66.67 Heqing 0.54 63.33 Menglian 0.52 66.67 Shangri-La 0.52 62.50 
Changning 0.68 67.50 Huaping 0.44 61.81 Nanjian 0.63 61.67 Xinlong 0.43 65.97 
Chuxiong 0.76 72.22 Jianchuan 0.54 57.50 Nangqian 0.36 56.94 Yangbi 0.58 64.17 
Dali 0.75 70.14 Jiangcheng 0.80 72.22 Puer 0.54 62.50 Yongde 0.59 70.83 
Daocheng 0.59 66.67 Jingdong 0.61 63.89 Qingshuihe 0.43 63.19 Yongping 0.72 69.17 
Dege 0.73 68.75 Jinggu 0.57 65.00 Qumalai 0.57 63.19 Yushu 0.54 61.11 
Deqin 0.58 64.58 Jinghong 0.51 65.97 Shuangjiang 0.59 65.00 Yuanjiang 0.69 68.06 
Dingqing 0.69 69.44 Lanping 0.59 61.67 Simao 0.72 66.67 Yunlong 0.62 61.67 
Eryuan 0.72 64.17 Lancang 0.58 67.36 Suoxian 0.53 59.03 Yunxian 0.64 66.67 
Fengqing 0.70 66.67 Lijiang 0.70 68.06 Tengchong 0.79 65.97 Zaduo 0.60 67.36 
Lincang 0.73 68.75 Zhenyuan 0.44 65.83       
 
CSI of SPI1s ranged from 54.17% to 75.69% with Bomi (54.17%) and Gengma (75.69%) 
having the minimum and maximum success index. CSI indicated that the monitoring results 
of TMPA were good in both droughts and wets in the Lancang River Basin. We partitioned 
the research region into 58 Thiessen polygons, each polygon represented the maximum spa-
tial influence region of each rain gauge. Those polygons were classified into 4 different 
types using the K-Means cluster method (Figure 2) and CSI were increasing from the 1st to 
the 4th type. The polygons of first type with great influence on the Lancang River Basin 
were concentrated in the middle stream. 
At 95% confidence level, we defined the average elevation of Thiessen polygon and CSI 
as independent and dependent variables, respectively and made the 2-order polynomial fit 
analysis (Figure 3a). We did the same analysis between the latitude and CSI of each gauge 
(Figure3b), too. CSI in Figure 3 showed a high-low-high variation with the increase of 
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Figure 2  The distribution and K-Means cluster of CSISPI1s 
 
Figure 3  The scattergrams between elevation and CSI, latitude and CSI at the 1-month scale 
elevation and latitude but this tendency was not significant with R2 of 0.08–0.14. 
3.1.2  SPI3 
The same as SPI1, at the 3-months scale, we calculated SPI3s and SPI3g at 58 TMPA grid 
points and rain gauges within grid and validated the results (Table 3). 
At 95% confidence level, the coefficient of determination (R2) (Table 3) of 47 out of 58 
TMPA grid points were larger than 0.5, which indicated the obvious consistence between 
SPI3g and SPI3s for most of the rain gauges. There were 11 rain gauges showing the 
de-correlation trends with R2 less than 0.5, and they were Lushui (0.31), Menghai (0.32), 
Nangqian (0.37), Qingshuihe (0.38), Jinghong (0.39), Bomi (0.4), Xinlong (0.41), Huaping 
(0.41), Lancang (0.44), Ximeng (0.46), and Jinggu (0.49). The result indicated that the R2 of 
SPI3 was slightly lower than SPI1. 
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Table 3  The validation of SPI3s 
Gauge R2 CSI (%) Gauge R2 CSI (%) Gauge R2 CSI (%) Gauge R2 CSI (%) 
Batang 0.64 68.18 Fugong 0.57 57.41 Liuku 0.60 65.91 Tuotuohe 0.56 58.33 
Baoshan 0.79 64.39 Ganzi 0.77 68.18 Lushui 0.31 47.92 Weishan 0.76 67.59 
Bomi 0.40 59.85 Gengma 0.86 71.97 Menghai 0.32 52.78 Weixi 0.57 53.03 
Cangyuan 0.78 70.37 Gongshan 0.51 61.36 Mengla 0.71 62.12 Ximeng 0.46 50.00 
Changdu 0.59 70.45 Heqing 0.61 67.59 Menglian 0.53 61.11 Shangri-La 0.61 65.15 
Changning 0.70 64.81 Huaping 0.41 58.33 Nanjian 0.71 58.33 Xinlong 0.41 57.58 
Chuxiong 0.87 75.00 Jianchuan 0.56 63.89 Nangqian 0.37 53.79 Yangbi 0.63 66.67 
Dali 0.75 62.88 Jiangcheng 0.79 70.45 Puer 0.67 63.89 Yongde 0.70 66.67 
Daocheng 0.58 65.91 Jingdong 0.54 59.85 Qingshuihe 0.38 58.33 Yongping 0.81 73.15 
Dege 0.68 65.91 Jinggu 0.49 57.41 Qumalai 0.63 64.39 Yushu 0.59 61.36 
Deqin 0.62 62.12 Jinghong 0.39 65.15 Shuangjiang 0.65 62.04 Yuanjiang 0.77 67.42 
Dingqing 0.65 58.33 Lanping 0.68 65.74 Simao 0.67 63.64 Yunlong 0.75 67.59 
Eryuan 0.84 69.44 Lancang 0.44 55.30 Suoxian 0.56 56.82 Yunxian 0.62 67.59 
Fengqing 0.70 67.59 Lijiang 0.83 73.48 Tengchong 0.75 63.64 Zaduo 0.63 62.88 
Lincang 0.74 64.39 Zhenyuan 0.51 56.48       
 
CSI of SPI3s ranged from 47.92% to 75.00% with Lushui (47.92%) and Chuxiong 
(75.00%) having the minimum and maximum CSI respectively. Except for Lushui rain 
gauge, others with CSI larger than 50% showed the fair monitoring results by TMPA in both 
droughts and wets at the 3-months scale. A total of 58 Thiessen polygons were divided into 4 
classifications by the K-Means method and CSI was increasing from the 1st to the 4th type 
(Figure 4). The polygons of the 1st and 2nd type with great influence on the Lancang River  
 
Figure 4  The distribution and K-Means cluster of CSISPI3s 
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Basin were distributed in downstream and middle stream. 
The plotted diagram (Figure 5) was used to quantitatively analyze the influences of eleva-
tion and latitude on the CSI of TMPA at the 3-months scales. CSI in Figure 5 showed a 
low-high-low variation with the increase elevation and latitude but this tendency was not 
significant with R2 of 0.028–0.055. 
 
Figure 5  The scattergrams between elevation and CSI, latitude and CSI at the 3-months scale 
CSI of SPI1s and SPI3s were 54.17%–75.69%, 47.92%–75%, respectively. Comparing 
SPIs and SPIg further, we found that SPIs forecast successfully the occurrence of drought or 
flood at most of time but only underestimated or overestimated the severity of disasters. If 
only monitor the occurrence of drought or flood, CSI of SPI1s and SPI3s would be increase 
to 60.42%–84.72%, 54.17%–85.19 % (except Lushui gauge, others are larger than 60%). 
According to Figures 3 and 5, it seemed that the influence of elevation and latitude on 
CSI was not significant. The accuracy of precipitation was affected by many factors, such as 
elevation, slope, latitude, atmospheric circulation and so on. As the important part of Longi-
tudinal Range-Gorge Region (LRGR) (He et al., 2005), precipitation has great spa-
tial-temporal variation in the Lancang River Basin. CSI was calculated by precipitation data, 
so it should be determined by multiple instead of single factors.  
3.2  SPI value at the sub-basins spatial scale 
In order to quantitatively verify the monthly TMPA precipitation data in detecting drought 
over different sub-basins, we calculated SPI3s and SPI3g using TMPA and gauge basin-wide 
precipitation estimates (Figure 6).  
SPI3s captured well the drought and flood over the five sub-basins from Figure 6 but 
tended to overestimate and underestimate in some drought and flood peaks. CSI was 
61.4%–70.5%–66.7% from Changdu-Jiuzhou-Lancang River with the Jiuzhou having the 
maximum CSI. Meanwhile, CSI was 61.4%–63.6%–72.7% from upstream–middle stream– 
downstream with downstream having the maximum CSI. 
The validation of SPI3s demonstrated that TMPA captured well the droughts in 2006 (Ta-
ble 4) and 2009 (Table 5). SPI3g in Table 4 illustrated that upstream and middle stream suf-
fered great drought during the period of May to September 2006. SPI3s demonstrated the 
nearly same monitoring results as SPI3g with the exception of downstream during the period 
of June to September. It is obvious that TMPA forecast the development of droughts in 2006. 
280  Journal of Geographical Sciences 
 
 
Figure 6  The time series of SPI3s and SPI3g over different sub-basins 
The Lancang River Basin suffered extreme droughts from 2009 to the beginning of 2010. 
SPI3g indicated that the middle stream and downstream suffered greatly from July to De-
cember in 2009 (Table 5). From Table 5 we can see that SPI3s in 2009 has the same moni-
toring results as SPI3s in 2006 but the accuracy was greater than in 2006. The same as in 
2006, TMPA forecast the development of droughts in 2009, too. 
4  Conclusions 
During the period from 1998 to 2009, this work assessed the potential of TMPA in drought 
monitoring at the 1-month scale and 3-months scale in the Lancang River Basin with strong 
heterogeneity of terrain and climate. Some conclusions were drawn as follows: 
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Table 4  The validation of SPI3s for drought in 2006 
Classification 
Time Sub-basins SPI3s SPI3g 
TMPA Gauged 
2006.5–2006.7 –1.25 –1.3 Moderately dry Moderately dry 
2006.6–2006.8 –0.98 –1.6 Near normal Severely dry 
2006.7–2006.9 
Changdu (Upstream) 
–1.59 –1.77 Severely dry Severely dry 
2006.5–2006.7 –1.11 –1.37 Moderately dry Moderately dry 
2006.6–2006.8 –2.08 –2.48 Extremely dry Extremely dry 
2006.7–2006.9 
Jiuzhou 
–2.66 –2.5 Extremely dry Extremely dry 
2006.5–2006.7 –0.58 –0.5 Near normal Near normal 
2006.6–2006.8 –1.89 –2.02 Severely dry Extremely dry 
2006.7–2006.9 
Lancang River 
–1.77 –2.2 Severely dry Extremely dry 
2006.5–2006.7 –0.31 –0.62 Near normal Near normal 
2006.6–2006.8 –1.75 –2.31 Severely dry Extremely dry 
2006.7–2006.9 
Middle stream 
–1.28 –1.81 Moderately dry Severely dry 
2006.5–2006.7 –0.39 –0.12 Near normal Near normal 
2006.6–2006.8 –1.25 –0.6 Moderately dry Near normal 
2006.7–2006.9 
Downstream 
–1.03 –0.8 Moderately dry Near normal 
 
Table 5  The validation of SPI3s for drought in 2009 
Classification 
Time Sub-basins SPI3s SPI3g 
TMPA Gauged 
2009.7–2009.9 1.07 0.75 Moderately wet Near normal 
2009.8–2009.10 0.37 –0.02 Near normal Near normal 
2009.9–2009.11 –0.51 –1.51 Near normal Severely dry 
2009.10–2009.12 
Changdu (Upstream) 
1.07 0.8 Moderately wet Near normal 
2009.7–2009.9 0.24 –0.07 Near normal Near normal 
2009.8–2009.10 –0.74 –0.88 Near normal Near normal 
2009.9–2009.11 –1.55 –2.37 Severely dry Extremely dry 
2009.10–2009.12 
Jiuzhou 
–0.42 –0.65 Near normal Near normal 
2009.7–2009.9 –1.2 –0.44 Moderately dry Near normal 
2009.8–2009.10 –1.73 –1.67 Severely dry Severely dry 
2009.9–2009.11 –1.78 –1.97 Severely dry Severely dry 
2009.10–2009.12 
Lancang River 
–1.71 –1.74 Severely dry Severely dry 
2009.7–2009.9 –1 –1.54 Moderately dry Severely dry 
2009.8–2009.10 –1.46 –1.84 Moderately dry Severely dry 
2009.9–2009.11 –1.8 –2.48 Severely dry Extremely dry 
2009.10–2009.12 
Middle stream 
–1.89 –2.27 Severely dry Extremely dry 
 
(1) Whether at the 1-month scale or 3-months scale, SPIs and SPIg agreed well for most of 
grid points with R2 larger than 0.5 in the Lancang River Basin. 
(2) Whether at the 1-month scale or 3-months scale, CSI was larger than 50% for most of 
grid points which indicated the great potential of TMPA in drought monitoring. TMPA grid 
points with the lowest CSI were mainly distributed in the middle stream at the 1-month scale, 
but were mainly concentrated in the middle stream and downstream at the 3-months scale. 
(3) Based on the TMPA basin-wide precipitation estimate, at the 3-months scale, SPI3s 
detected the occurrence of droughts and floods, but overestimated (underestimated) the 
peaks of them. Moreover SPI3s captured the occurrence and development both of the severe 
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droughts in 2006 and 2009. 
Compared with TRMM, Global Precipitation Measurement (GPM) has better temporal 
sampling and spatial coverage (Smith et al., 2007). In the near future, with GPM put into use, 
drought monitoring based on satellite products of precipitation will have great prospect and 
become widely used in the Lancang River Basin. 
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